A fundamental question in animal communication is whether the information provided is honest or deceptive [1, 2] . This problem has received much attention, both in theoretical [1, 3] and experimental [4] work. Here we show that male Atlantic mollies (Poecilia mexicana), when observed during mate choice by another male, reduce their mating activity and no longer prefer mating with one of two females presented, which can be interpreted as an attempt to avoid unintended interception of information by the rival male. Most importantly, focal males directed their first sexual interaction (after they were presented with the rival male) toward the initially nonpreferred female, suggesting that males deceive other males about their mating preferences. Deception by the choosing male may be an adaptation to avoid sperm competition, because surrounding males may use public information and copy the focal male's mate choice.
Traditionally, mate choice is viewed as an interaction and exchange of information between just two individuals. More recently, studies have highlighted the role of social context for mating decisions [5] [6] [7] [8] , which acknowledges that information can be public [9, 10] and may be used by individuals other than the intended receiver [9, 11] . To avoid this, communication may be shut down or shifted to private communication channels [12] or to signals that are available only at close range, like ''quiet song'' [13] . Furthermore, the signaler could provide misleading information in order to direct their audiences' attention away from their true interest, thereby benefiting from deception at the receiver's expense [1, 2] . Such deception has been reported in the context of assessment of fighting abilities [14] , use of alarm calls when in fact no danger is immanent [15] , and rarely in mate selection [16] . Indeed, it is puzzling that deceptive signals are not more common [17] .
In the present study, we asked whether males would alter their mate-choice behavior in the presence of a competitor, a conspecific male, and thus provide potentially misleading information to potential rivals. We examined this question in the mating system of the livebearing Atlantic molly (Poecilia mexicana) and its sexual parasite, the asexual, gynogenetic Amazon molly (P. formosa) [18] . Amazon mollies, unlike sexually reproducing females, use sperm from males solely to trigger embryogenesis, resulting in male Atlantic mollies making no genetic contribution to the offspring of Amazon mollies with whom they have mated [19] . Consequently, we predict that male Atlantic mollies should prefer to mate with conspecific rather than heterospecific females [20, 21] . Further, because large female Atlantic mollies are more fecund than are small ones, males should prefer to mate with the largest available conspecific female [22] .
In our mate-choice experiments, individual focal males (mean 6 SE standard length, 34.72 6 1.09 mm) could interact freely with a large (50.33 6 0.48 mm) and a small (34.04 6 0.65 mm) conspecific female (experiment 1), or the focal males (33.83 6 0.69 mm) could choose between a conspecific female (40.94 6 0.65 mm) and an equally sized (40.67 6 0.40 mm) Amazon molly (experiment 2). In both experiments, all focal males underwent an initial test to establish their baseline preferences. Then, the focal males were randomly assigned to one of two treatments: they were retested either with an audience male present, or-as a control-without an audience. The audience males (experiment 1, 35.78 6 1.01 mm; experiment 2, 36.17 6 0.78 mm) were presented in a clear Plexiglas cylinder, to avoid physical interactions [8] . We measured several male sexual behaviors. (1) During nipping, a male behavior that typically precedes actual mating, a male approaches a female from behind and touches her genital region, presumably to obtain chemical information [23] . (2) Gonopodial thrusts are attempts to insert the male copulatory organ, a modified anal fin, into the female genital opening [21] . (3) The first sexual interaction (nipping or thrusting), which signifies the male's initial mating preference at the beginning of a test unit.
We found that during the first part of experiment 1, males directed significantly more mating behaviors (nipping and gonopodial thrusts) toward the larger female ( Figure 1A) . Also, the first sexual interaction was almost always with the larger female. Congruent with theory [18] , conspecific females were preferred in experiment 2 ( Figure 1B ).
When no audience male was presented during the second part of the tests (control), male preferences were highly consistent and essentially unchanged ( Figures 1A and 1B ). In contrast, mating activity was reduced when an audience male was present and the focal males no longer showed a preference for larger females, as measured by nipping and thrusting. This can be interpreted as males avoiding signaling altogether. In experiment 2, the focal males even performed significantly more nipping with the heterospecific female ( Figures 1A and  1B ). This may indicate that the focal males provide misleading information to the rival, but the focal males may also simply adjust their sexual attention because the relative value of the *Correspondence: mplath@rz.uni-potsdam.de previously preferred female declines in the presence of a rival (see [8] for a discussion).
To compare the decline of male preferences across experiments and treatments, we calculated a score expressing the difference in the fraction time spent near the initially preferred female during the two successive test units. In a GLM, the interaction term ''experiment 3 treatment'' had no significant effect (mean square = 0.005, F 1,68 = 0.347, p = 0.558), suggesting similar effects of the presentation of an audience across experiments. The presentation of an audience male (''treatment'') had the strongest explanatory power (mean square = 0.983, F 1,68 = 65.020, p < 0.0001), reflecting that the strength of male preference decreased when an audience male was presented (estimated marginal means, decrease by 23.7% 6 2.0%), but remained almost unchanged when no audience was presented during the second part of a trial (decrease by 0.3% 6 2.0%). Also, a significant difference between the two experiments was detected (mean square = 0.162, F 1,68 = 10.707, p = 0.002), reflecting that the initial male preferences were generally stronger in experiment 1; therefore, the overall decline in male preferences between the two parts of the tests was stronger in experiment 1 (estimated marginal means, 16.7% 6 2.0%) than in experiment 2 (7.3% 6 2.0%).
During the first part of our experiments, most focal males first interacted with the large or conspecific female, respectively (i.e., directly after they were released from their acclimatization cylinders). Again, this preference remained unchanged when no audience male was presented during the second part (Figure 1, bottom) . Males first interacted significantly more often with the opposite, i.e., previously nonpreferred female, experiment 2, conspecific and P. formosa females). During the second part of the trials, half of the males were visually presented with an audience male (middle two bars in each graph), and another half of the trials were repeated without an audience (right two bars in each graph). The direction of male preferences was determined by comparing the numbers of male sexual behaviors directed toward the two types of stimulus females via paired t tests. Data are presented as mean 6 SE. Note that the direction of male preferences remained unchanged between the first and second part of a trial when no audience male was presented. By contrast, male mating preferences disappeared when an audience was visually presented. In experiment 2, males directed even more premating behavior (nipping) toward the heterospecific females in the presence of an audience. Bottom two graphs: the female with which the focal males first interacted when released from its acclimatization cylinder (binomial test). Given is the fraction of males first approaching either type of female (bars) and the numbers of males (inserted numbers). Note that most males first interacted with the initially nonpreferred female when an audience was presented, suggesting that the focal males attempted to deceive the audience male.
however, when a competitor was present (Figure 1, bottom) . Because this effect was very strong (e.g., 16 out of 18 males directed their first sexual behavior toward the small female in the presence of a competitor), it seems that this effect does not just reflect that the previously preferred female had become relatively less attractive to the focal males. We argue that this behavior is used to deceive competitors about the focal male's preferred mate. Molly males are known to copy other males' mate preferences and switch to Amazon mollies after they had seen another male associate with the heterospecific female [24] . Generally, copying of mate-choice decisions is a widely reported phenomenon [25] . Providing information that directs the mate preferences of rival males away from the focal male's preferred mate could reduce sperm competition and male aggression, both of which are common in poeciliid fishes [26] [27] [28] [29] . If males were attempting to avoid conflict, then they should have avoided only larger males, whereas our data show that focal males switched their behavior irrespective of the audience male's relative body size (see Supplemental Data available online).
Sending deceptive signals and leading competitors away from a preferred female can be a powerful alternate mating strategy providing relief from sperm competition in highly dynamic mating systems like that seen in poeciliid fishes. Deception appears to have evolved as a counter-strategy in a system with a high potential for male mate-choice copying. Our study in general highlights the crucial role of social context for the expression of mating preferences. Future studies will need to evaluate the potential for male mate-choice copying and deception in natural populations, because male matechoice copying cannot be evolutionarily stable if males always have an opportunity to deceive rivals.
Experimental Procedures Origin and Maintenance of Test Fish
The fish used in this study were descendants of animals collected in a coastal brackish lagoon near Tampico in central Mexico, where P. mexicana naturally coexists with P. formosa. Test fish came from large, randomly outbred single-species stocks at the Institute of Biochemistry and Biology of the University of Potsdam. Fish were reared in aerated and filtered 150-200 l aquaria at 27 C-29 C. Fish were fed twice daily with commercially available flake food, fish food tablets, and live red and white chironomid larvae. We isolated focal males in 25 l tanks for 4 days before the tests to ensure that they were motivated to mate.
Experimental Design
The test tank (80 cm length 3 30 cm width 3 30 cm height) was filled to 20 cm with aged tap water of 27 C-28 C. Black plastic covered all sides except the front. Illumination was provided by a 40 watt incandescent lamp 35 cm above the tank in addition to the room illumination (two 100 watt fluorescent light fixtures on the ceiling of the experimental room). Prior to a test, we chose two stimulus females from the stock tanks and introduced them into the test tank. Then, we introduced a focal male into a transparent Plexiglas cylinder (10 cm diameter) in the center of the tank and left the fish undisturbed for 5 min. After the habituation period, we gently lifted the cylinder. During a 5 min observation period, male sexual behaviors (nipping and copulation attempts with both types of females) were scored and it was noted with which female the male interacted first.
Directly thereafter, we repeated measurement of male mating preferences, but in half of the trials, an audience male was presented, and another half of the trials were repeated without an audience (control). To initiate this second part of a trial, we introduced the focal male into his cylinder again. An audience male was placed in another transparent cylinder in the central back of the tank, or only an empty cylinder was presented (control). The audience male was confined in his cylinder throughout the experiment. After another 5 min for habituation, measurement of male preferences was carried out as described above.
Statistical Analysis
To determine the direction of male preferences, we compared the times (absolute association times) spent near the large and the small female (experiment 1) and near the conspecific and heterospecific female (experiment 2) during each of the two parts of the tests via paired t tests. Likewise, we compared the numbers of large versus small or conspecific versus heterospecific females that the focal males approached first (i.e., at the beginning of an observation period) before as well as after presentation of an audience via binomial tests. All statistical tests were performed with SPSS 12.0.
Comparison of the Decline of Male Preferences between Treatments and Experiments
To compare the decline of male mating preferences across treatments (with or without audience during the second part) and experiments (large/small or conspecific/heterospecific females), a preference score, based on individual preferences of the focal males, was calculated as: (% sexual behaviors with the preferred female during the first part of a trial) -(% sexual behaviors with the same female during the second part). Hence, the score expressed the change between the two parts of the tests, whereby positive values would indicate that preferences decreased, negative values would indicate an increase in male preferences, and zero would indicate no change at all. Data were compared in a general linear model (GLM; R 2 = 0.528) with ''treatment'' and ''experiment'' as factors.
Supplemental Data
Supplemental Data include Supplemental Experimental Procedures and one table and are available at http://www.current-biology.com/cgi/ content/full/18/15/1138/DC1/.
